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least two spaced apart tensile layers which are each adjacent
to one or more compressive layers.

26 Claims, 5 Drawing Sheets

28—\‘

/22

26—r

24

34—




US 9,472,610 B2
Page 2

(56) References Cited

OTHER PUBLICATIONS

Mackenzie, K.D., et al,, “Stress Control of Si-Based PECVD
Dielectric,” 207th ECS Meeting, Abstract #406.
Mimoun, B., “Mechanical Study of Silicon Nitride Layrs on Thin
Flexible Substrates Under Bending,” pp. 95-98.
Yang, Jie, “A New Technique for Producing Large-Area as Depos-
ited Zero-Stress LPCVD Polysilicon Films: The Multiploy Pro-

cess,” IEEE Journal of Microelectromechanical Systems, vol. 9, No.
4, Dec. 2000, pp. 485-494.

Mahajan Am et al:“Influence of process parameters on the proper-
ties of TEOS-PECVD-grown Si02 films”, Surface and Coatings
Technology, Elsevier, Amsterdam, NL. vol. 188-189, Nov. 1, 2004,
pp. 314-318, XP027184835, ISSN: 0257-8972.

Guan D et al: “Stress control of plasma enhanced chemical vapor
deposited silicon oxide film from tetrathoxysilane”, J. Micromech.
Microeng., val. 24, 027001, Dec. 23, 2013, pp. 1-5, XP0027 45406.



U.S. Patent Oct. 18, 2016 Sheet 1 of 5 US 9,472,610 B2

30

~_
28 = 22
2621 ‘/
24

\

34

Fig. 1



U.S. Patent Oct. 18, 2016 Sheet 2 of 5 US 9,472,610 B2

m T

ol
A

Fig. 2




US 9,472,610 B2

Sheet 3 of 5

Oct. 18, 2016

U.S. Patent

R | s03L dwop wip'z

% | S03LsueLwriso

% | 031 dwo) wrig'y

N S0O3L susL wrig g

S | S0dL dwop wrig'

| SO3L dwio) wrig'g

g S0O3L susL wrig g

@ | 031 dwo) wrig'y

N | 5031 dwop wrig'g N | SO03LsusLursg

4 SO3L suaL wrig'T o | S03L dwo) wrig'T

2 | $031 dwo) wrig'z S | $03L dwop wrig'z

o | 5031 dwo) wig g o | 5031 susL wrgg

® SO3L suaL wrig'T o | SO3L dwo) wrig'T

~ [ 5031 dwop wripz ~ | SO3LsuaLuwrig0

© | 5031 dwo) wigy © | 5031 dwo) wig'g © | 031 dwo) wrig'y
| S03L sueL wrigg 10 SO3L suaL wrig'T v | SO3L dwo) wrig'g
< 5031 dwo) wig'y < 5031 dwo) wnig'g < S0O3L susL wrig g
o | $031 dwo) wrig*y, o | S03L duo) wrig'g o | SO3L dwo) wrig'T
~ G03 SusL wrig'z ~ G03L SusL wrig'] ~ S0O3L susL wrig g
— | 5031 dwo) wigy — | 5031 dwo) wig'g — | S031 dwo) wrig']
JaAe odAL w4 | ) seheq adAl wid [ | 4ehen adAL w4

Fig. 3



U.S. Patent Oct. 18, 2016 Sheet 4 of 5 US 9,472,610 B2

48
5‘& TEOS\V [02 /52
7V ' ' N/
/ 44
50
/40
42
L
(/ — > 56




US 9,472,610 B2

Sheet 5 of 5

Oct. 18, 2016

U.S. Patent

oeq Yo Jequieyd

SO3L dwo) wrg'g

UORISUe.L PapeID Y005~

SO31 susl wrgQ

UORISUe.L PapeID Y005~

SO31 dwo) wrp't

UORISUe.L PapeID Y005~

SO31 susl wrgQ

UORISUe.L PapeID Y005~

SO31 dwo) wrp't

JoAe

odAL w4

Fig. 5



US 9,472,610 B2

1
SUBSTRATE

BACKGROUND

This invention relates to a substrate having a dielectric
film thereon, methods of depositing the dielectric film on the
substrate, and to associated devices.

Many devices are fabricated by building up multiple thin
dielectric, semiconducting and metal layers on a substrate
such as a silicon wafer. However, the deposition of these
layers results in a build-up of stress. The net stress produced
at each stage places constraints on subsequent process steps.
For example, the net stress imparted can result in warpage
of the wafer, which can ultimately result in wafer loss due
to handling problems. A further problem is cracking of the
layers which in turn results in a reduction in yield and wafer
loss. The net stress that the wafer is subjected to may be a
tensile stress or a compressive stress.

It is standard practice in semiconductor wafer fabrication
to attempt to minimise wafer warpage. It is also standard
practice to attempt to deposit layers without cracks. In order
to minimise wafer warp, it is known to reduce the internal
stress within a deposited film to an acceptable level by a
treatment such as ion bombardment or process chemistry.
Alternatively, layers may be selected to compensate for the
stress in underlying films. For example, it is known to
deposit a film which is subject to a compressive stress on top
of a film that is subject to a tensile stress. However, these
prior art techniques have their limitations. Typical methods
employed to control stress within a film are the plasma
conditions which influence net growth rate such as deposi-
tion rate and RF bias, the intrinsic properties of the material
selected, deposition temperature and thickness of the film.
However device design places constraints on many of these
parameters and as a consequence of these constraints novel
processes are required to deliver some new advanced
devices.

Further problems are encountered in the manufacture of
high power, high voltage capacitor devices. Devices of this
kind commonly require polyimide to be integrated into the
device. Whilst polyimide offers many benefits, there are
some undesirable constraints associated with the use of this
material. Typically, the thickness of the deposited polyimide
film is limited to less than 10 microns. This in turns limits
the voltage and hence the electric field that can be applied to
the device. Also, polyimide has a relatively low thermal
budget. The cure temperature of polyimide is 280° C. As a
result, any dielectric isolating layers must be compatible
with this temperature restraint. Effectively, this means that
the temperature associated with the deposition of isolating
layers should not exceed 280° C. Commonly, silicon dioxide
is used as the isolating layer.

There is a requirement to operate future devices at higher
voltages than can be achieved currently. It would be highly
desirable to provide silicon dioxide isolation layers which
have a thickness of 20 microns or greater in order to cope
with the requirements of new devices that may utilise
polyimide. However, it is currently not possible to deposit
such thick, homogeneous layers of silicon dioxide at tem-
peratures of 280° C. or lower. This is because the layers
crack due to the build-up of stress in the film.

SUMMARY

The present invention, in at least some of its embodi-
ments, addresses the problems and desires described above.
In particular, the present invention, in at least some of its
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embodiments, provides thick silicon dioxide films which can
be of greater than 20 microns thickness. The films can
exhibit excellent electrical leakage and little or no cracking
after the deposition. The films can be deposited with a zero
associated stress, or with a desired stress which can be used
to compensate for stresses exhibited elsewhere in a device.

According to a first aspect of the invention there is
provided a substrate having a dielectric film thereon, in
which: the dielectric film comprises at least four stacked
layers of a dielectric material; the stacked layers comprise
compressive layers which are subject to a compressive stress
and tensile layers which are subject to a tensile stress; and
there are at least two spaced apart tensile layers which are
each adjacent to one or more compressive layers.

The dielectric film may have a thickness of 10 microns or
more. Preferably, the dielectric film has a thickness of 15
microns or more. More preferably the dielectric film has a
thickness of 20 microns or more. The relatively thick
dielectric film which can be provided by the invention can
be utilised as an isolating film in devices which are subject
to high voltages.

The dielectric material may be silicon dioxide. However,
other dielectric materials, such as other silicon oxides, might
be utilised instead.

The dielectric film may comprise at least 10 layers of the
dielectric material. Preferably, the dielectric film comprises
at least 12 layers of the dielectric material. More preferably,
the dielectric film comprises at least 15 layers of the dielec-
tric material. More preferably still, the dielectric film com-
prises at least 20 layers of the dielectric material. Surpris-
ingly, it has been found that the use of a relatively large
number of layers can result in improved anti-cracking prop-
erties.

The layers of the dielectric film may each have a thickness
in the range 0.3 to 5 microns. Preferably, the thickness of the
layers of the dielectric film are each in the range 0.3 to 2.5
microns.

The tensile layers may each have a thickness in the range
0.3 to 1.5 microns.

The tensile layers may each have a thickness of 1.0
micron or less.

The substrate may comprise a polyimide layer. The
dielectric film may be deposited onto the polyimide layer.
The polyimide layer may be disposed on a semiconductor
wafer such as a silicon wafer.

The substrate may form part of a device or a precursor of
a device which comprises at least one semiconductor com-
ponent. The substrate may comprise a semiconductor wafer,
such as a silicon wafer. The dielectric film may be deposited
directly onto the semiconductor wafer. Alternatively, the
dielectric layer may be deposited onto an additional element
of the substrate, such as a dielectric, semiconductor or
metallic layer. In some embodiments, the additional element
may be a polyimide layer or another polymeric layer.

The dielectric film may comprise at least three tensile
layers. Preferably, the dielectric device comprises at least
four tensile layers. More preferably, the dielectric device
comprises at least eight tensile layers. It has been found that
dielectric films which comprise a relatively large number of
layers, including a relatively large number of tensile layers,
can exhibit excellent anti-cracking properties, particularly
when the layers are relatively thin. Layers having a thickness
of 2.5 microns or less may be considered to be relatively
thin.

At least some adjacent compressive and tensile layers
may be separated by a transitional zone of the dielectric
material. In some embodiments, all adjacent compressive
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and tensile layers separated by a transitional zone of the
dielectric material. The transitional zone may be subject to
variable stresses which vary from a region of the transitional
zone contacting a tensile layer, which region is subject to a
tensile stress, to a region of the transitional zone contacting
a compressive layer, which region is subject to a compres-
sive stress. The use of transitional zones between adjacent
compressive and tensile layers can result in further improve-
ments in anti-cracking properties. The average stress that a
transitional zone is subject to may be zero or close to zero.

The transition zones may have a thickness in the range
20-100 nm. Preferably, the transition zones have a thickness
in the range of 30-75 nm. Most preferably, the transitional
zones have a thickness of about 50 nm.

The layer which is in direct contact with the substrate and
the uppermost layer of the film may be compressive layers.
At least half of the layers may be subject to a stress having
a modulus which is greater than 25 MPa. It will be under-
stood that this means that the layer may be a tensile layer
which is subject to a stress which is greater than +25 MPa,
or a compressive layer which is subject to a compressive
stress which is greater than 25 MPa, i.e., a stress which is
more negative than —25 MPa. At least half of the layers may
be subject to a stress having a modulus which is greater than
90 MPa. At least half of the layers may be subject to a stress
having a modulus which is greater than 120 MPa. At least
half of the layers may be subject to a stress having a modulus
of about 150 MPa.

In some embodiments, at least 90% of the layers are
subject to a stress having a modulus which is greater than 25
MPa, preferably greater than 90 MPa, more preferably
greater than 120 MPa, most preferably about 150 MPa.
Surprisingly, it has been found that dielectric films made up
of layers which are subject to relatively high stresses have
improved properties, such as improved anti-cracking prop-
erties. This is surprising because, in these embodiments,
there can be a relatively high stress differential between
adjacent compressive and tensile layers.

The dielectric film may have a zero net stress. Alterna-
tively, the dielectric film may be subject to a net stress which
at least partially compensates for a bow in the substrate. It
is advantageous that the invention can provide a dielectric
film which is subject to a desired net stress depending on the
desired application.

The dielectric film may be subject to a net stress having
a modulus which is less than 100 MPa. The dielectric film
may be subject to a net stress having a modulus which is less
than 60 MPa.

The dielectric film may be subject to a net compressive
stress. Alternatively, the dielectric film may be subject to a
net tensile stress.

According to a second aspect of the invention there is
provided a method of depositing a dielectric film on a
substrate comprising the steps of:

depositing a layer of a dielectric material on the substrate;
and

depositing at least a further three layers of the dielectric
material to provide a dielectric film comprising at least four
stacked layers of the dielectric material;

in which the stacked layers comprise compressive layers
which are subject to a compressive stress and tensile layers
which are subject to a tensile stress, and the layers are
deposited so that there are at least two spaced apart tensile
layers which are each adjacent to one or more compressive
layers.

The layers may be deposited so that the dielectric film has
a thickness of 10 microns or more. The layers may be
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deposited so that the dielectric film has a thickness of 15
microns or more. The layers may be deposited so that the
dielectric film has a thickness of 20 microns or more.

The dielectric material may be silicon dioxide.

A subset of the layers may be deposited in a chamber.
Following deposition of the substrate and the layers, a
chamber etch back step may be performed. At least one
further subset of the layers may be deposited. The deposition
of'a further subset of the layers may be followed by a further
chamber etch back step.

Each subset of the layers may be a stack having a lower
layer, an upper layer, and at least one layer intermediate the
upper and lower layers. The upper and lower layers may be
compressive layers. In this way, the subset may comprise
tensile layers which are encapsulated within compressive
layers. This can assist in ensuring that back to back depo-
sitions are subject to essentially the same stress. A further
benefit is that film mismatch can be prevented or at least
reduced. The subset of the layers may be of any suitable
thickness, although thicknesses in the range 3 to 7 microns
have been found to work well in practice.

The layers may be deposited at a deposition temperature
of'less than 280° C. This is a substantial advantage provided
by the present invention. It enables dielectric films to be
deposited on materials such as polyimide which have a
relatively low thermal budget.

The layers may be deposited in a single chamber. This is
highly advantageous, because it reduces the complexity of
the manufacturing process.

The layers may be deposited using a single deposition
process. Again, this is advantageous since it reduces the
complexity of the manufacturing process.

In some embodiments, the dielectric material with silicon
dioxide, and the steps of depositing the layers are performed
in a PE-CVD process. The PE-CVD process may use TEOS
and O, or an oxygen containing species as precursors. The
PE-CVD process may be performed using a plurality of RF
frequencies to create a plasma. Typically, dual RF frequen-
cies are used.

Advantageously, it has been found that both the compres-
sive and tensile layers can be deposited during a single
PE-CVD process through relatively straightforward varia-
tion of the process parameters. For example, process param-
eters associated with the plurality of RF frequencies may be
varied. Transitional zones may also be provided through
variation of the PE-CVD process parameters.

According to a third aspect of the invention there is
provided a device comprising a substrate of the first aspect
of the invention. The device may comprise at least one
semiconductor component. The semiconductor component
may be a semiconductor wafer. Other semiconductor com-
ponents, such as other semiconductor layers, may be pro-
vided.

The device may comprise one or more metal layers.

The device may be a capacitor device. Alternatively, the
device may be another electrical device and/or energy stor-
age device. The device may be a high voltage device.

Whilst the invention has been described above, it extends
to any inventive combination of the features set out above,
or in the following description, drawings or claims. For
example, any feature described in relation to one aspect of
the invention is considered to be disclosed also in relation to
another aspect of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of substrates, films and methods in accor-
dance with the invention will now be described with refer-
ence to the accompanying drawings, in which:—



US 9,472,610 B2

5

FIG. 1 shows a four layer dielectric film on a polyimide
film/silicon wafer;

FIG. 2 shows bow maps of a silicon wafer (a) before
deposition and (b) after deposition of a dielectric film on a
polyimide coating;

FIG. 3 is a schematic diagram showing (a) a six layer
dielectric film together with an image showing cracking of
the film (b) a 12 layer dielectric film together with an image
showing cracking of the film and (c) a 20 layer dielectric
film;

FIG. 4 shows PE-CVD apparatus for depositing dielectric
films; and

FIG. 5 is a schematic diagram of a subset of silicon
dioxide layers.

DETAILED DESCRIPTION

The invention provides dielectric films which are made up
of a plurality of layers. At least some of the adjacent layers
in the film are subject to alternating stresses, i.e., compres-
sive and tensile stresses. By judicious choice of the process
parameters utilised in depositing the dielectric film, it is
possible to avoid adding any stress to the substrate or
structure on which the dielectric film was deposited. Alter-
natively, it is possible to alter the overall stress which the
substrate or structure together with the dielectric film is
subject to. Typically, this is done to reduce the overall stress.

The invention can be applied to a wide range of dielectric
films which can be deposited on a wide range of substrates.
The substrate on which the dielectric film is deposited can
form part of a larger structure. Again, the invention can be
utilised with a wide range of structures. An advantage of the
invention is that it enables the deposition of relatively thick
dielectric films, i.e., films having a thickness of 20 microns
or greater. However, the skilled person will appreciate that
the invention can be used to deposit thinner films, of
thicknesses less than 20 microns. However, it is highly
advantageous that films having a thickness of greater than 20
microns can be deposited using the invention with enhanced
resistance to cracking. Representative, but non-limiting,
embodiments of the invention will now be described in
which a silicon dioxide dielectric film is deposited on a
polyimide coated substrate. This polyimide coated substrate
may form part of a structure which comprises an underlying
silicon wafer.

FIG. 1 shows a 10 micron thick silicon dioxide film,
depicted generally at 22, made up of four separately depos-
ited layers 24, 26, 28, 30 of silicon dioxide. The film 22 is
deposited onto a polyimide coating 32 on a silicon wafer 34.
The overall thickness of the silicon dioxide film 22 is 10
microns, and the thicknesses of the individual layers 24, 26,
28, 30 are 2.25, 2.75, 2.25, and 2.75 microns, respectively.
The layers 24, 28 are subject to a tensile stress, whereas the
layers 26, 30 are subject to a compressive stress. The overall
stress that the film 22 is subject to is +1.84 MPa, i.e., the film
22 is subject to a tensile stress. Prior to deposition of the film
22, the wafer 34 and polyimide film 32 had a bow of +57.53
microns. After deposition of the silicon dioxide film, the
bow was reduced to +39.87 microns.

In another embodiment, another 10 micron thick silicon
dioxide film was deposited onto a polyimide substrate on a
silicon wafer. In this second embodiment, the first and third
deposited layers were each four micron thick layers subject
to a compressive stress. The second and fourth deposited
layers were two micron thick layers subject to a tensile
stress. The dielectric film comprising the stack of four
silicon dioxide layers was subject to a net stress of =52 MPa.
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Prior to the deposition of the dielectric film, the polyimide
substrate and silicon wafer had a bow of 47.61 microns
(tensile stress). After deposition of the dielectric film, this
bow was reduced to 40.45 microns. FIG. 2 shows bow maps
of the wafer (a) prior to and (b) after the dielectric film
deposition.

TABLE 1
Cracking Threshold vs AStress Value

Tensile Compressive Net Stack Cracking
Stack Stress Stress Stress Threshold
Low Compressive n/a -30 MPa  -30 MPa <10 pm
Stress only
Stacked Medium Stress +100 -100 -30 MPa  ~15 um
Stacked High Stress +150 -150 -30 MPa  ~18 um

Surprisingly, it has been found that better results could be
achieved by depositing layers which are subject to relatively
high tensile and compressive stresses. Table 1 describes
three categories of films. In each case, a silicon dioxide
dielectric film was produced which was subject to a net
stress of =30 MPa. The “low compressive stress” film was
produced by depositing layers which are each subject to
relatively low tensile or compressive stresses (=30 MPa for
layers under a compressive stress). “Medium stress” films
are produced by depositing layers which are under a stress
of either +100 or -100 MPa. “High stress” films were
produced by depositing layers which are under a stress of
either +150 or =150 MPa. It can be seen that “high stress”
films have a significantly improved cracking threshold. The
cracking threshold is the maximum thickness of the dielec-
tric film which can be deposited without the film being
subject to cracking. It will appreciated that with the “high
stress” film, there is a relatively high variation in stress
where a layer subject to a compressive stress is adjacent to
a layer subject to a tensile stress. However, these embodi-
ments enable considerably thicker films to be deposited.

Further improvements can be obtained by reducing the
thickness of the individual deposited layers in the stack
which makes up the dielectric film. In other words, for a
given film thickness, improvements can be obtained by
increasing the number of deposited layers. FIG. 3(a) to (¢)
depict three silicon dioxide films each of 20 micron thick-
ness. Hach layer is numbered. Layer 1 is the layer which is
deposited onto the substrate. In all of the embodiments
described in FIG. 3, the deposited layers are subject to either
a tensile stress of +150 MPa or a compressive stress of =150
MPa. In FIGS. 3 and 5, the term “Comp” means a layer
subject to a compressive stress, and the term “Tens” means
a layer subject to a tensile stress. In FIG. 3(a) a silicon
dioxide film is deposited using six layers. Four of the layers
are subject to a compressive stress, and two of the layers are
subject to a tensile stress. Relatively thick layers are used
(the “compressive” layers are four microns thick, and the
“tensile” layers are two microns thick). The 20 micron thick
silicon dioxide film produced using six layers is subject to
significant cracking. FIG. 3(b) shows a silicon dioxide film
made up of 12 layers of reduced thickness. More particu-
larly, the film is made up of eight “compressive” layers of
two microns thickness and four “tensile” layers of one
micron thickness. Substantially reduced cracking is
observed. In FIG. 3(¢) a silicon dioxide film was produced
using 20 layers. More particularly, the silicon film comprises
12 “compressive” layers of either one or two microns
thickness, and eight “tensile” layers of 0.5 micron thickness.
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This resulted in a 20 micron thick silicon dioxide film which
is free of cracks. From this we conclude that improved
results can be obtained through depositing a relatively large
number of relatively thin layers which are subject to rela-
tively high stresses.

Yet further improvements can be obtained by grading the
deposition process so that relatively thin transitions zones
are formed between adjacent “compressive” and “tensile”
layers. The internal stresses that the transitional zones are
subject to are graded through the transitional zones. The
region of the transitional zone which is in contact with a
“tensile” layer is believed to be subject to a stress which is
similar or identical to the stress that the “tensile” layer is
subjected to. Similarly, the region of a transitional zone
which is in contact with a “compressive” layer is believed to
be subject to a compressive stress which is similar or
identical to the stress which the “compressive” layer is
subject to. It is believed that the transitional zones are
subject to a low net stress. Without wishing to be bound by
any particular theory or conjecture, it is believed that the
improved results obtained using the transitional zones may
be due to the elimination of a mismatch in stress between
successive depositions of layers in the dielectric film. By
using dielectric films which incorporate transitional zones
between adjacent “tensile” and “compressive” layers,
dielectric films having thicknesses of greater than 20
microns can be produced with excellent properties such as
low or no cracking.

Silicon dioxide films of the invention can be produced
using plasma enhanced chemical vapour deposition (PE-
CVD). PE-CVD using a mixture of TEOS and O, (or an
oxygen containing precursor) is a convenient way of pre-
paring films of the invention. FIG. 4 is a schematic diagram
of apparatus, depicted generally at 40, which is suitable for
depositing films of the invention. The apparatus 40 com-
prises a chamber 42, a gas inlet 44 in the form of a
showerhead arrangement, a wafer support 46, and respective
high and low frequency RF sources 48, 50. The showerhead
44 is arranged to receive the TEOS and oxygen precursor
gases. RF matching units 52, 54 are provided for the high
and low frequency RF sources 48, 50 respectively. Process
gases are exhausted from the chamber 42 through an outlet
56 which is connected to a pumping arrangement (not
shown). Table 2 shows representative deposition conditions
for producing both films which are subject to a compressive
stress and films which are subject to a tensile stress. It is
extremely convenient that both types of film can be easily
deposited in the same chamber using a common process
simply through judicious variation of the process conditions.
The transitional zones can be produced by running the RF
power continuously and varying the process parameters
between those associated with a “compressive” layer and
those associated with a “tensile” layer and vice versa. The
changeover between process conditions can take place over
about 5 seconds, and this gives rise to transition zones
having a thickness of about 50 nm.

TABLE 2
Representative deposition conditions
Compressive stress Tensile Stress

TEOS TEOS
Pressure (mT) 3100 3100
02 (sccm) 2300 2300
H2 (sccm) 1000 1000
TEOS flow (ccm) 1.5 1.6
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TABLE 2-continued

Representative deposition condition:

Compressive stress Tensile Stress

TEOS TEOS
RF HF (Watts) 900 800
13.65 MHz

RF LF (Watts) 475 165
500 kHz

It is convenient to build up the dielectric film by depos-
iting a number of sequential “sub-stacks™ of layers. After a
sub-stack is deposited, a chamber etch back step can be
performed. FIG. 5 shows a representative sub-stack which is
made up of a one micron thick “compressive” layer, a 0.5
micron thick “tensile” layer, a one micron thick “compres-
sive” layer, a 0.5 micron thick “tensile” layer and a two
micron thick “compressive” layer. Each layer is numbered.
Layer 1 is the layer which is deposited onto the substrate.
Each pair of adjacent layers are separated by a transitional
zone of approximately 50 nm thickness. After deposition of
this sub-stack a chamber etch back step can be performed.
This enables the dielectric film to be built up as a stack
which is made from approximately five micron thick sec-
tions comprising a number of sub-stacks. Each sub-stack
comprises “tensile” layers which are encapsulated between
“compressive” layers. This ensures that back to back depo-
sitions are of the same stress, and prevent film mismatch.
Without wishing to be bound by any particular theory or
conjecture, it is believed that the transitional zones take up
some of the forces applied by the opposing stresses associ-
ated with the “tensile” and “compressive” films during wafer
cool down after the deposition process.

What is claimed is:

1. A substrate having a dielectric film thereon, in which:
the dielectric film comprises at least four stacked layers of
a dielectric material; the stacked layers comprise compres-
sive layers which are subject to a compressive stress, and
tensile layers which are subject to a tensile stress; and there
are at least two spaced apart tensile layers which are each
adjacent to one or more compressive layers wherein the
dielectric material is silicon dioxide; and wherein at least
some adjacent compressive and tensile layers are separated
by a transitional zone of the dielectric material, in which the
transitional zone is subject to variable stresses which vary
from a region of the transitional zone contacting a tensile
layer, which region is subject to a tensile stress, to a region
of the transitional zone contacting a compressive layer,
which region is subject to a compressive stress.

2. The substrate according to claim 1 in which the
dielectric film has a thickness of 10 microns or more,
preferably 15 microns or more, more preferably 20 microns
or more.

3. The substrate according to claim 1 in which the
dielectric film comprises at least 10 layers of the dielectric
material.

4. A substrate according to claim 3, in which the dielectric
film comprises at least 12 layers of the dielectric material.

5. A substrate according to claim 4 in which the dielectric
film comprises at least 15 layers of the dielectric material,
and preferably comprises at least 20 layers of the dielectric
material.

6. A substrate according to claim 1 in which the dielectric
layers of the dielectric film each have a thickness in the
range of 0.3 to 5 microns, preferably in the range 0.3 to 2.5
microns.
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7. A substrate according to claim 1 comprising a polyim-
ide layer, in which the dielectric film is deposited onto the
polyimide layer.

8. A substrate according to claim 1 in which the substrate
forms part of a device or a precursor of a device which
comprises at least one semiconductor component.

9. The substrate according to claim 1 in which the
dielectric film comprises at least three, preferably at least
four, more preferably at least eight tensile layers.

10. The substrate according to claim 1 in which the
transitional zones have a thickness in the range 20-100 nm,
preferably 30-75 nm, most preferably about 50 nm.

11. A substrate according to claim 1 in which a layer in
direct contact with the substrate and an uppermost layer of
the film are compressive layers.

12. A substrate according to claim 1 in which at least half
of the layers, preferably at least 90% of the layers, are
subject to a stress having a modulus which is greater than 25
MPa, preferably greater than 90 MPa, more preferably
greater than 120 MPa, most preferably about 150 MPa.

13. A substrate according to claim 1 in which the dielec-
tric film is subject to a net stress which at least partially
compensates for a bow in the substrate.

14. A substrate according to claim 1 in which the dielec-
tric film is subject to a net stress having a modulus which is
less than 100 MPa, preferably less than 60 MPa.

15. The substrate according to claim 14 in which the
dielectric film is subject to a net compressive stress.

16. A device comprising a substrate according to claim 1.

17. The device according to claim 16 which is a capacitor
device.

18. A method of depositing a dielectric film on a substrate
comprising the steps of:

depositing a layer of a dielectric material on the substrate;

and

depositing at least a further three layers of the dielectric

material to provide a dielectric film comprising at least
four stacked layers of the dielectric material;

in which the stacked layers comprise compressive layers

which are subject to a compressive stress and tensile
stress layers which are subject to a tensile stress, and
the layers are deposited so that there are at least two
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spaced apart tensile layers which are each adjacent to
one or more compressive layers wherein the dielectric
material is silicon dioxide; and wherein at least some
adjacent compressive and tensile layers are separated
by a transitional zone of the dielectric material, in
which the transitional zone is subject to variable
stresses which vary from a region of the transitional
zone contacting a tensile layer, which region is subject
to a tensile stress, to a region of the transitional zone
contacting a compressive layer, which region is subject
to a compressive stress.

19. The method according to claim 18 in which the layers
are deposited so that the dielectric film has a thickness of 10
microns or more, preferably 15 microns or more, more
preferably 20 microns or more.

20. The method according to claim 18 in which: a subset
the layers are deposited in a chamber; following deposition
of the subset of the layers a chamber or etch back step is
performed; and at least one further subset of the layers is
deposited.

21. The method according to claim 20 in which each
subset of the layers is a stack having a lower layer, an upper
layer and at least one layer intermediate to upper and lower
layers, wherein the upper and lower layers are compressive
layers.

22. The method according to claim 18 in which the layers
are deposited at a deposition temperature of less than 280°
C.

23. The method according to claim 18 in which layers are
deposited in a single chamber.

24. The method according to claim 18 in which the layers
are deposited using a single deposition process.

25. The method according to claim 18 in which the
dielectric material is silicon dioxide and the steps of depos-
iting the layers are performed in a PE-CVD process using
TEOS and O, or an oxygen containing species as precursors.

26. The method according to claim 25 in which the
PE-CVD process is performed using a plurality of RF
frequencies to create a plasma, preferably using dual RF
frequencies.



